To study the geographic differentiation of the intestinal epithelium and to understand the complex lineage relationships of its cell populations, it is often necessary to visualize the protein products of multiple genes in sections prepared from di8EEtent positions dong the duodenal-to-colonic and/or crypt-to-villus axes. Multilabel fluorescence or brightfield immunohistochemical techniques have previously been used for t h i s purpose. However, the number of antigens that can be identified on single sections is limited in fluorescence mi-CLOGCDP]I by the number of fluorophores with non-overlapping absorption and emission characteristics, in brightfield microscopy by the number of visually distinguishable chromogens, and in both methods by the availability of primary antisera raised in multiple species. We have now used a combination of light and fluorescence microscopic techniques to increase the number of antigens that can be detected in a single section to six. Sections were sequentially stained using
Introduction
The adult mouse gastrointestinal tract is a complex, highly organized tissue lined by an epithelium derived from fetal endoderm. This epithelium contains four differentiated cell types: columnar absorptive enterocyta, mucus-producing granular and non-granular goblet cells, a complex population of enteroendocrine cells, and lysozyme-and defensin-producing Paneth cells. All four cell lineages arise from a multipotent stem cell that appears to be functionally anchored near the base of both small intestinal and colonic crypts (1-6).
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studying the differentiation programs of gut epithelial cell lineages, for describing the biological properties of its stem cells, and for examining the molecular mechanisms that establish and maintain differences in gene expression along its cephalocaudal axis (6-18). For example, elements from the 5' non-transcribed domains of the homologous rat intestinal and liver fatty acid binding protein genes (Fabpiand Fabpl, respectively) (13, 14) have been linked to a variety of reporters including the human growth hormone (hGH) gene. Fabplreporter transgenes have been used to functionally map cis-acting elements that control developmental stagespecific, region-specific, and cell-specific patterns of gene expression in the mouse gut (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The ability to support FabpIhGH expression has been used to identlfy an unexpected degree of complexity in the differentiation programs of the approximately 15 enteroendocrine cell subpopulations that are represented in the mouse gut epithelium (6,10,15). These populations appear homogeneous when classified only by their ability to produce a specific neuroendocrine product but are quite diverse when classified according to their capacity to express the hGH reporter. Finally, analyses of fetal, young adult, and aging mice also suggested that the decision to support transgene expression is coordinated between adjacent small intestinal or colonic crypts (6, 16) . The coupling of the decision to express Fa&/reporter transgenes between adjacent crypts raises the possibility that cephalocaudal gradients in gene expression observed in the gut are maintained by a smaller number of distinct stem cells than would be expected based on the number of anatomically defined crypts. These analyses of transgenic mice require that the accumulation of both transgene and endogenous gene products be monitored in the same section of intestine (7,lO). Since the first report of double immunoenzyme staining by Nakane (19), several alternative methods for the simultaneous detection of multiple antigens by immunocytochemistry have been described (20-31). These techniques usually rely on immunoenzyme, immunogold-silver staining (IGSS), and/or immunofluorescence methods. To date, a maximum of four antigens have been visualized on a single fixed section (10,31). Five antigens have been localized in a living cell with fluorescence imaging (32).
To increase the number of detectable antigens in single sections of mouse intestine prepared from different regions of its cephalocaudal axis, we modified our protocols so that several requirements would be satisfied. Since many of the primary antisera available to us have been raised in rabbits, a protocol that allows three rabbit antisera to be used without crossreactivity would be very useful. Moreover, at each step in the immunostaining sequence we wanted to be able to use either labeled or unlabeled primary antisera. Finally, we wanted to use a technique in which all antigens could be easily visualized by "conventional" photomicroscopy. In this report we describe an immunohistochemical method that enables six antigens to be visualized in a single tissue section, four of which can be localized in the same cell.
Materials and Methods

Animals
Adult (4-6-month-old) transgenic mice containing nucleotides -596 to + 21 of rat Fabpf linked to the human growth hormone gene beginning at its nucleotide + 3 (LFABP-s96 "l/hGH) were derived from founder 13 described in Sweetscr et al. (18) . SWR mice were obtained from the J a h n Laboratory (Bar Harbor, ME). Mice were fed a standard chow diet ad libitum and maintained under strictly controlled lighting conditions (lights on between 0600-1800 hr). Animals were sacrificed by cervical dislocation. The gastrointestinal tract was removed and its cephalocaudal axis divided into segments according to Sweetser et al. (18) . These segments were placed in Bouin's fixative for 6-24 hr and then embedded in paraffin. Five-pm thick sections were then cut from the various segments.
Primary Antisera
The species of origin and dilutions of the primary antisera and lectin used for the studies reported below were as follows: rabbit anti-cholecytoskinin (CCK) (1:ZOOO; Peninsula Laboratories, Belmont, CA), rabbit anti-GAP-43 (1:lOOO) (33) rabbit anti-LFABP (1:lOOO) (18) . goat anti-hGH (1:lOOO) (34). rat anti-serotonin (k1000 Eugene Tech International, Ramsey, NJ), and 7-amino-4-methylcoumarin-l)-acetic acid (AMCA)-conjugated donkey anti-mouse IgG heavy and light chains (shown to have minimal crosreac-tivity with goat, rabbit, and rat serum proteins) (1:50; Jackson Immunoresearch Laboratories, West Grove, PA). Peroxidase-anti-peroxidase (PAP)-conjugated Doficbos bifrorrrs agglutinin (DBA) (Sigma; St Louis, MO) was used at a concentration of 5 pg/ml. Normal rabbit, goat, and rat sera were employed in control experiments. The particular antisera and lectin (DBA) used to illustrate this procedure were chosen for several reasons. The transgenic mice in these experiments contain liver fatty acid binding protein (LFABP)/human growth hormone (hGH) fusion genes. Therefore, immunohistochemical detection of both the endogenous Fabpl protein product and the hGH reporter are essential for determining the "appropriateness" of transgene expression (7). Serotonin and CCK antisera were chosen because we had previously documented a complex pattern of transgene expression in these enteroendocrine cell subpopulations (7). The DBA lectin was employed for two reasons. First, it illustrates how the multilabeling procedure can use nonantibody-mediated lectin/carbohydrate interactions. Second, many studies of the clonal organization of the gut, gastrointestinal epithelial development, and crypt stem cell hierarchies have employed DBA binding as a cellular marker system (2,3). Since two of the six detected antigens must be in cell types unrelated to the other four antigens (see Results below), mouse IgG and GAP-43 antibodies served as markers for cell components that, on the basis of our earlier observations, did not support transgene expression. Mouse IgG is present in lymphocytes within the lamina propria and in Peyer's patches, while GAP-43 (a "growth associated protein" that was originally described in axonal growth sprouts and in the developing central and peripheral nervous systems) is present in high concentrations in the enteric nemus system (35).
Immunohistochemistry
Sections were deparaffinized in xylene (two 10-min incubations) and then rehydrated in isopropanol (three 3-min incubations) followed by water. Endogenous tissue peroxidase activity was inhibited by incubating sections for 10 min in a 0.3% (v/v) solution of hydrogen peroxide (H202. prepared in water). Sections were rinsed for 5 min in water, followed by three washes in PBS, pH 7.2. Before each immunostaining sequence the sections were pre-incubated with PBS containing 0.2% non-fat powdered milk, 1% BSA, and 0.3% Biton X-100 (PBS-blocking buffer). All antisera were diluted in PBS-blocking buffer.
General Comments: Light Microscopy
The light microscopic portion of our protocol used three visually distinct detection systems. First, immunogold silver staining, which produces a dark black precipitate (that is also detectable as turquoise by reflected light polarization microscopy) was performed, followed by two peroxidase-antiperoxidase steps employing diaminobenzidine and a-naphthol as chromogens. Diaminobenzidine produces a dark brown precipitate, while a-naphthol produces a grey-black precipitate which can be "colorized" using one of several basic dyes (e.g., crystal violet will preferentially bind to the a-naphthol precipitate and produce a bright purple reaction product). The sequential use of these three detection systems results in easily distinguishable signals which can be simultaneously photographed. The three antigens visualized in this portion ofthe protocol must be localized in different cells, since the simultaneous presence of two or three reaction products can not be discerned. This procedure does allow for the consecutive use of three antisera raised in a single species, since both immunogold silver staining and diaminobenzidine precipitation effectively mask the antigenicity of their respective primary antibody-secondary antibody complexes. The a-naphthoUbasic dye precipitate has no such blocking ability and must therefore be used last in the triple staining sequence.
Step I (Antigen #I): Immunogold Silver Staining (IGSS): Sections were incubated at 4% overnight in a humid environment with rabbit anti-CCK.
After three washes in PBS, sections were incubated for 1 hr at room temperature with gold-labeled goat anti-rabbit serum (1:40; Amersham, Arling ton Heights, E). After washes in PBS and distilled water (dHzO), silver enhancement solution was added according to the InanUfaCturCr'S protocol (Amersham). Silver precipitation was monitored under the light microscope. The reaction was stopped by rinsing with dH2O.
Step II (Antigen #2): ~~d a s c -A n t i -p e r o~d~l D~o~n z i d e (PARDAB): Sections were washed with thm changes of PBS, pre-incubated in PBS-blocking buffer, and then incubated overnight at 4'C with rabbit anti-GAP-43. Slides were subsequently washed three times with PBS and incubated for 1 hr at room temperature with goat anti-rabbit serum (1:40). After PBS washes, they were incubated with PAP-conjugated rabbit serum
(1:lOO) for 1 hr at room temperature and washed three times in 0.05 M Tris-buffered saline (TBS, pH 7.6). Finally, slides were pre-incubated in DAB solution [lo mg DAB (Sigma) dissolved in 15 ml TBS] for 5 min before activation with H2Oz (20 pl 30% H202/15 ml DAB solution). The adequacy of chromogen development was monitored under the light microscope. Satisfactory results were usually achieved within 5 min. Developed slides were washed in TBS followed by dHzO.
Step III (Antigen #3): Pcroxidasc-Anti-proxidaselNaphthol Basic Dye (PARNBD): Initially, residual peroxidase activity from Step I1 was blocked by a 10-min incubation in 3% H202. However, control experiments in which this step was omitted revealed that it was not necessary. Therefore, sections were washed three times with PBS, pre-incubated in PBS-blocking buffer, and then incubated with DBA-PAP overnight at 4'C. To visualize the antigen, PBS-washed sections were pre-incubated for 3 min in NBD solution prepared according to the method of Mauro et al. (36) [i.e., 50 mg 1-naphthol (Sigma) in 0.5 ml absolute ethanol plus 10 ml 1% ammonium carbonate plus 89.5 ml PBS with all components mixed for 1 hr before use]. After activation with HzOz (100 plll00 ml NBD solution), development was monitored under the light microscope and was usually completed within 10 min. Dcveloped slides were washed in PBS followed by water. They were subsequently immersed in basic dye solution [0.01% (vlv) crystal violet in PBS, freshly prepared and filter sterilized] for 10 min before being placed in water. The basic dyes methyl green or pyronin Y can be substituted for crystal violet. To remow excess background staining the slides were immersed in 95% ethanol. The resulting decrease in staining intensity was monitored under the light microscope. The de-staining procedure was stopped by immersion in 70% ethanol followed by water.
To show that the PAP-NBD procedure was applicable to unlabeled primary antiserum, slides that had been previously labeled by IGSS and DAB were incubated overnight at 4'C with rabbit anti-LFABP serum (1:1000) (18) . Sections were subsequently washed in PBS and goat anti-rabbit IgG (1:40) added for 1 hr at room temperature. After PBS washes, rabbit-PAP (1:lOO) was applied to the section for an additional 1 hr at room tcmpcrature. Visualization of the antigen was achiend as described above.
General Comments: Fluorescence Microscopy
The fluorescence microscopic portion of our protocol uses three fluorophores with distinct cxcitation-emission characteristics: fluorescein, 7-amino-4methylcoumarin-3-acetic acid (AMCA), and P-phycoerythrin. Taras Red andlor rhodamine can be used instead of P-phycoerythrin. Filters with appropriately narrow bandwidths are required to assure the specificity of antigen detection.
Step IV (Antigens 4.5 and 6) : Simultaneous Immunofluotcscencc. Sections were washed three times with PBS and pre-incubated in PBS-blocking buffcr. They were subsequently incubated overnight at 4'C with a mixture of three primary antisera (goat anti-hGH, rat anti-serotonin, and AMCAconjugated donkey anti-mouse IgG) raised in separate species, distinct from those used in Steps I, 11, and 111. At the conclusion ofthis incubation, sec-tions were washed three times in PBS and incubated for 1 hr at room tcm-peraturC with a mixture of fluorescein-labeled donkey anti-goat (1:lOO) and ~-phycoerythrm-Iabeled donkey anti-rat sera (1:50) plus additional AMCAlabeled donkey anti-mouse IgG (1:50) serum. Each of these labeled antibodies ("AffiniPure" from Jackson Immunoresearch) was designed for use in multiple labeling procedures and showed minimal crossreactivity with serum proteins from other species. Sections were washed in PBS, a drop of PBSglycerol (1:l) added, and a coverslip placed on the section.
Microscopy
Sections were viewed with a Zeiss Axioscope microscope equipped for transmitted-light brightfield and incident-light fluorescencclpolaritation microscopy. Filter sets appropriate for fluorescein, P-phycoerythrin (TQUS Red andlor rhodamine), AMCA, and reflected-light polarization microscopy were employed. Photomicrographs were taken with a Zeiss MClOO camera system using Fujichrome P1600 film.
Controls
The following controls were used in this study: (a) the staining pattern obtained for each antigen after sextuplet-immunostaining was compared with the pattem obtained after single-label immunostaining; (b) each primary antiserum was replaced with non-immune serum from the appropriate species; (c) the AMCA-labeled donkey anti-mouse IgG serum was omitted (d) each labeled secondary antiserum was omitted; and (e) SWR mouse intestine was included in the analysis. This inbred strain does not contain the Dlb-1 allele (Dlb-lb) that directs expression of the DBA receptor to the gut epithelium (rather, it is Dl&-l'/Dlb-Ia) (37) .
Results
Triple-label Light Microscopy
All three antigens visualized in the light microscopy portion of the sextuplet immunostaining procedure (Steps I-III in Methods) could be easily distinguished from each other (Figure 1A) . Surveys of sections of duodenum prepared from adult LFABP-596 +21/hGH transgenic mice or their normal (nontransgenic) littermates revealed that enteroendocrine cells labeled with rabbit anti-CCK appeared black (or turquoise by reflected light polarization microscopy) on development with IGSS. In agreement with previous work (35), enteric nerves were stained brown by rabbit anti-GAP-43 developed by the peroxidase-anti-peroxidase/diaminobenzidine (PAP-DAB) procedure. Binding of Dolidos btjZoms agglutinin-PAP conjugates was detected as deep purple staining of the apical membranes and Golgi apparatus of enterocytes and of goblet cells after development with the naphthol basic dye (NBD) technique using crystal violet as the basic dye. When rabbit anti-LFABP serum was used in the PAELNBD step, diffuse cytoplasmic staining of villusassociated enterocytes was observed (data not shown). The best results were obtained when sections were treated first with IGSS, then with DAB, and finally with NBD (see Discussion).
The staining pattern obtained for each antigen in the light microscopic multilabeling procedure was identical to that obtained when adjacent sections were incubated with a single antiserum directed against a single antigen. Additional control experiments indicated that no staining occurred when normal rabbit serum was substituted for the specific antisera (data not shown). Moreover, when sections of SWR mouse intestine were incubated with Dohcbos Szyoms agglutinin (DBA)-peroxidase-anti-peroxidase conjugates and subsequently developed with the NBD procedure, no intestinal epithelial cell staining was observed.
Triple-label Fluorescence Microscopy
Conditions for triple-label immunofluorescence were established using sections from the duodenum of transgenic animals ( Figure  1B ). In agreement with earlier work (7), serotonin-positive enteroendocrine cells were well represented in the villus-associated epithelium but were less frequently encountered in intestinal crypts. hGH was localized to the supranuclear Golgi apparatus of enterocytes and to the cytoplasm of a subset of enteroendocrine cells. Mouse IgG was confined to lymphocytes in the lamina propria. A subset of the serotonin-immunoreactive enteroendocrine cells contained immunoreactive hGH. This represents an example of haw the ability to support FabP/IhGH transgene expression can be used to operationally define subsets of enteroendocrine cells (7).
Previously reported control experiments established that the hGH antiserum did not crossreact with any protein products produced by mouse enteroendocrine cells (7). Other control experiments indicated that the distribution of the three fluorescent labels in the multilabeled sections was identical to that obtained in serial sections that had been immunostained for a single antigen. Finally, use of non-immune serum or omitting the labeled secondary antisera produced no specific stainhg.
Sextuplet Labeling
Initially, each brightfield immunostaining procedure was coupled to the triple label immunofluorescence step. Like Scopsi and Larsson (38), we had found that the IGSS method does not interfere with subsequent immunofluorescence staining (7). More important, we noted that deposition of silver around the first primary antiserum-gold-labeled secondary antiserum complex abolished its subsequent antigenicity. To obtain optimal masking of the primary antiserum-gold-labeled secondary antiserum complex, the primary antiserum should be used at the lowest concentration possible and the silver development step allowed to proceed until there is a dense, dark precipitate around the specific antigen-antibody complexes. If the primary antiserum concentrations are too high andlor the silver development incomplete, the antigen-antibody complexes will not be completely masked and false co-localization of additional antigens to the IGSS-labeled structures will occur. With appropriate primary antiserum concentration and adequate silver deposition, a second antiserum raised in the same species as the IGSS-detected antiserum can be used in subsequent immunohistochemical steps. DAB deposition can also mask antigen-antibody complexes provided that dilute primary antiserum and adequate development times are used. However, unlike IGSS, the amount of DAB precipitate required to produce antigen-antibody complex masking precludes localization of additional antigens to the DAB-labeled structure (22). The DAB method does not interfere with subsequent immunofluorescence staining of non-DAB-labeled structures. Therefore, with adequate DAB deposition a second primary antiserum raised in the same species as the DAB-detected primary antiserum can be used in immunofluorescence, as long as it localizes to a non-DAB-labeled structure. Three primary antisera raised in a single species can be employed on single sections by sequentially performing IGSS, DAB detection, and immunofluorescence. Antigens detected by IGSS and fluorescence can be co-localized. However, the antigen detected with DAB must reside in independent cells, since DAB deposition in IGSS-labeled cells cannot be visualized and DAB deposition in a cell precludes subsequent immunofluorescence detection.
When the naphthol basic dye method was coupled to the triple immunofluorescence staining, we found that the basic dye counterstain produced diffuse tissue fluorescence, particularly when viewed with the fl-phycoerythrin (Texas Redlrhodamine) filter set. The tissue fluorescence attributable to the basic dye was least severe with crystal violet and was not localized to cell components specifically labeled with NBD. To minimize the nonspecific and diffuse tissue fluorescence, we utilized crystal violet as the basic dye and briefly washed the sections with 95% alcohol. Removal of crystal violet was monitored under the light microscope. The washing was repeated until diffuse counterstaining was minimized. Antigen-specific staining could be easily maintained during the de-staining process. Seaions oftransgenic mouse duodenum or jejunum treated in this manner demonstrated an intensity of nonspecific fluorescence staining that was only slightly higher than that observed in non-NBD-treated slides. The presence of naphthol-crystal violet did not interfere with subsequent immunofluorescence staining of the same cell. This was evident in sections of intestine where enterocytes exhibited Golgi staining with both DBA (detected by NBD) and hGH (detected by immunofluorescence). Since NBD deposition in cells does not mask antigen-antibody complexes, subsequent immunofluorescence procedures must employ antisera (both primary and secondary) raised in species other than those used in the NBD detection procedure (e.g., if rabbit anti-LFABP and goat anti-rabbit sera are used in the NBD procedure, neither goat nor rabbit serum can be used for the detection of additional antigens by immunofluorescence).
The entire sextuplet immunostaining sequence could now be followed. Sections were: (a) incubated with rabbit anti-CCK antiserum and detected with IGSS; (b) incubated with rabbit-anti-GAP43 antiserum and detected with PAP-DAB, (c) incubated with peroxidase-labeled DBA and detected with NBD; and (d) simultaneously incubated with rat anti-serotonin serum, goat anti-hGH serum, and AMCA-labeled donkey anti-mouse IgG serum, which were detected with fl-phycoerythrin-labeled donkey anti-rat and fluorescein-labeled donkey anti-goat sera. Using single and multiple exposure photomicroscopy, six separate antigens (CCK, GAP-43, Dohcbos bzj7oms agglutinin, serotonin, hGH, and mouse IgG) were visualized in a single section (Figure 2 ). We concluded from these multilabeling surveys of epithelial and mesenchymal populations that nucleotides -596 to +21 of rat Fa&/were able to direct expression of the hGH reporter to duodenal enterocytes and to subsets of both serotonergic and CCK-producing enteroendocrine cells. This method can be used to comprehensively survey transgene expression in these and other cells represented in sections harvested from different segments of the cephalocaudal axis of the mouse gut.
Discussion
Multilabel immunohistochemical techniques have become increasingly important in examining the differentiation programs and lineage relationships of cell populations during development. The abil-ity to visualize multiple antigens in single sections has particular appeal when such examinations are conducted in perpetually renewing and spatially complex tissues such as the gut.
The immunohistochemical protocol described here is applicable to a large number of antigens and can be used on both paraffinembedded and frozen sections. Indirect or direct immunohistochemical methods can be applied at each step. An advantage of this technique is its ability to utilize three antisera from the same species and to visualize them in a single light microscopic photomicrograph, the only caveat being that each of the antisera must recognize distinct cell populations. The order of execution of the procedure is critical for optimal contrast. We have previously shown that the silver precipitate from the IGSS method abolishes the immunoreactivity of an antigen-antibody complex but does not mask other antigenic sites within the immunostained cell (7). In agreement with Stemberg and Joseph (22), we found that diaminobenzidine (DAB) deposits, if present in adequate concentration, also block antigen-antibody complexes from further recognition. Unfortunately, DAB also blocks other antigenic sites within the labeled cell and must therefore be used to visualize unique cell populations. In theory, the order of these two steps is irrelevant. In practice, best contrast is observed when IGSS is followed by DAB. This is due to the greater sensitivity of the IGSS method which, if performed after the DAB step, can reveal insufficiently masked antigenic complexes from the DAB step. Other immunohistochemical detection methods such as NBD and immunofluorescence do not have the sensitivity to detect these sites. Because the 1-naphthol-basic dye complex does not have the same blocking properties as DAB and silver, this step must be applied last in the brightfield portion of this multilabeling method. IGSS, DAB, and NBD quench fluorescence when applied after a fluorophore (21,27), and since no masking of antigens occurs with fluorophores the simultaneous immunofluorescence step must be performed last in the sextuplet procedure. The double-label method of Gillitzer et al.
(28) combining IGSS and alkaline phosphatase immunoenzyme labeling has been shown to localize two antigens to the same cell and could conceivably be added to our protocol. An advantage of inclusion of the NBD procedure is that the basic dye not only enhances the antigen specific staining of 1-naph-tho1 but also has counterstaining properties that help to define histological detail and enhance the esthetics of the brightfield picture. Unfortunately, basic dyes produce nonspecific background fluorescence which ranges from severe (pyronin Y and methyl green) to moderate (crystal violet). For this reason, crystal violet is the basic dye of choice in the sextuplet-labeling procedure. Remod of excessive crystal violet counterstaining with 95 % ethanol greatly reduced the amount of background fluorescence staining without significantly affecting the intensity of staining of the primary antisera/NBD complex. The intensity of antigen-specific immunofluorescence relative to background fluorescence was also enhanced by removing "excess" crystal violet. The other basic dyes could not be removed to the degree required to provide adequate levels of specific staining relative to background for the immunofluorescent step. Removal of the basic dye should be done with care, as excessive de-staining cannot be repaired. Five-second dips with light microscopic monitoring in between dips are recommended.
A unique aspect of this immunohistochemical protocol is that it will allow the co-localization of up to four antigens in a single cell. This capability is particularly important for the study of enteroendocrine cell interrelationships. Our initial analysis of transgene expression revealed that hGH was detectable not only in LFABP-positive small intestinal enterocytes but also in many enteroendocrine cells (7). As noted in the Introduction, enteroendocrine cells are composed of approximately 15 separate populations. These populations have been subclassified based on their principal neuroendocrine product (specific peptides or amines) and/or by the morphology of their secretory granules (defined by transmission electron microscopy). Multilabel studies can be used to determine whether enteroendocrine cells produce more than one neuroendocrine product. This approach has led to the notion that there are differentiation-dependent changes in the neuroendocrine products produced in cell populations as they migrate along the cryptto-villus axis. (e.g., substance Pproducing cells in the proximal small intestine apparently acquire the ability to synthesize serotonin as they migrate our of the crypt; the final phase of differentiation is characterized by the appearance of secretin as their principal neuroendocrine product) (10). The ability to support Fabjllreporter transgene expression during this sequence of substance P to serotonin to secretin provided an additional parameter to examine the differentiation program as a function of location along both the crypt-to-villus and duodenal-to-colonic axes (10). The quadruple cell labeling capability ofthe sextuplet protocol should provide additional insights about enteroendocrine cell biology. The sextuplet labeling procedure is a powerful experimental tool. However, it does have several limitations: (a) there must be careful planning of the sequence of antibodies to be used to avoid crossreactivity of the multiple primary and secondary antibodies; (b) secondary antibodies with minimal crossreactivity to proteins from other species are required; (c) as described above, the staining procedure requires several days to complete, although this could be shortened by using 1-hr room temperature incubations of primary antibodies rather than overnight 4°C incubations; (d) previous knowledge of antigen localization is required to avoid using incompatible detection systems for antigen co-localization studies; and (e) many controls must be performed to ensure specificity.
By selectively combining portions of the light microscopic and fluorescence labeling procedures, effective protocols for triple labeling with three antisera derived from a single species (IGSS, DAB, fluorescence), simultaneous visualization of three antigens by light microscopy (IGSS, DAB, NBD) or fluorescent microscopy [fluorescein, AMCA, B-phycoerythrin (or Texas Red/rhodamine)], and for quadruple and quintuple labeling may be established. Finally, although the present technique was developed to investigate the wellorganized, rapidly proliferating gastrointestinal epithelium, it should be applicable to other tissues where analysis of multiple cell types in single sections is required.
